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(54) Soft handoff between second and third generation CDMA systems 

(57) In a CDMA cellular radiotelephone system, a 
soft handoff (SHO) is performed when a mobile station 
communicates wrtth a new inter-generation t>ase station, 
without interrupting communications with the old base 
station. Currently, a SHO can only be used between 
CDMA channels having identical frequency assign- 
ments and within the same system generation (i.e., 2G 
<=> 2G. or 3G <=> 3G, where 2G is a second generation 
system, and 3G is a third generation system). The pro- 
posed IS-2000 standard for a 2G 3G Kiandoff is a 
hard handoff or "Break-Before-Make" procedure, which 
greatly reduces the quality of service (CXDS). The 
present invention allows for SHO between second and 
third generation CDMA systems (2G o 3G and 3G c:^ 
2G). by modifying the proposed messaging structure 
(40, 50, 70). This provides a smooth service transition 
when a mot>ile station travels from one service area 
(i.e.. 2G), to another service area (i.e., 3G). using the 
SHO or "Make-Before-Break" approach. 
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Description 

[0001] This application claims priority from US. 
Provisional Application Number 60/1 10,666. filed 
December 2. 1998. entitled "Forward Link Inter-Genera- 
tion Soft Handoff Between 2G And 3G CDMA Sys- 
tems". 

BACKGROUND OF THE INVENTION 

1. Field of th e Invention 

[0002] The present invention relates generally to 
communication systems, and more particularly, to a 
method for forward link inter-generation soft handoff 
between second generation (2G) and third generation 
(3G) Code Division Multiple Access (CDMA) systems. 

2. Descriotion of the Related Art 

[0003] One commonly used type of cellular radiotel- 
ephone communication system is referred to as a Code 
Division Multiple Access (CDMA) system. In a CDMA 
system, the radio signals share the same frequency 
spectrum at the same time, in contrast to previous Fre- 
quency Division Multiple Access (FDMA) or Time Divi- 
sion Multiple Access (TDMA) systems. One current 
CDMA standard, known as the second generation 
standard or 2G. is designated as TIA/EIA-95-A/B (or IS- 
95-A/B). and is herein incorporated by reference. More 
recently, a new third generation (3G) CDMA standard 
has been proposed and has been designated as IS- 
2000 (previously IS-95-C) or CDMA2000. and is herein 
incorporated by reference. As the new 3G systems are 
installed, cellular systems will contain a mix of both old 
20 systems and the new 3G compatible systems. 
[0004] In a typical CDMA cellular radiotelephone 
communication system, a mobile station communicates 
with a base station having the strongest available sig- 
nal. In order to track the available signals, the mobile 
station maintains a list of avaitat>le base stations. Spe- 
cifically, each base station in the CDMA system trans- 
mits an unmodulated "pilot" signal on a set of 
predetermined frequencies. A mobile station receives 
the pilot signals and determines which pilot signals are 
the strongest. A "searcher' unit located in the mobile 
station commonly performs the signal detection and 
strength measuremerrt functions. 
[0005] The results from the searcher are reported 
to the current (i.e. active) base station. The base station 
then instructs the nrK>blle station to update a list of avail- 
ab>le base stations maintained by the mobile station. 
The list is sub-divided into three operative sets - an 
active set. a candidate set. and a neighbor set. The 
active set contains a list of the base stations with which 
the mobile station is currently communicating (typically 
1 - 4 base stations). The candidate set is a list of base 
stations which may move into the active set. and the 



neighbor set is a list of base stations which are being 
monitored, Ixit less frequently. 
[0006] As the mobile station moves and its currently 
active base station signal weakens, the mobile station 

5 must access a new base station. Based upon the 
results of the searcher, and the instructions received 
back from the base station, the mobile staton will 
update its sets, arxl communicate with a different base 
station. In order for comnruinication transmissions to 

10 appear seamless to the user of the mobile station, the 
communication link must be handed off to the next base 
station, kleally, this handoff would establish a new link 
before terminating the first link. This type of handoff is 
known as a soft handoff (SHO) or "Make-Before-Break." 

15 [0007] Presently, a SHO cannot occur between two 
different generations of CDMA systems. The 3G system 
has been designed to provkje backward compatibility 
with the 2G system at the signaling and call processing 
level. However, since these two systems employ drffer- 

20 ent modulation schemes and spreading rates, they are 
not naturally conpatible at the physical layer. Therefore, 
at the service boundaries between the 2G and 3G sys- 
tems, a hard handoff, also known as a ^'Break-Before- 
Make" method, has been proposed. 

25 [0008] In this type of hard handoff. the connection 
with a currently active base station (i.e.. 2G) is termi- 
nated before the new service with the new base station 
(i.e.. 3G) is established. This type of service disruption 
lowers the quality of service (QOS) for the cellular tele- 

30 phone user. In this scenario, if the mobile station is 
engaged in a voice service, the user will most likely 
experience unpleasant voice quality degradation or 
even call drop. If the mobile station is transferring data, 
significant transmission delays (due to retransmission 

35 errors) will likely occur. In fact, the cun-ent standard 
causes a minimum of 10 frames to be lost, before serv- 
ice is restored. 

[0009] Thus, it would be desirable to provide a soft, 
handoff between two different generations of CDMA 
40 systems, in order to avoid the disadvantages associated 
with the currently proposed hard handoff scheme. 

SUMMARY OF THE INVENTION 

45 [0010] The present invention is a modification to the 
proposed IS-2000 specification, in order to provide soft 
handoffs on forward links between two differerrt genera- 
tions of CDMA systems. In general, the present inven- 
tion modifies the proposed messaging structure to allow 

50 for reporting of the generation type of the base stations. 
Two different embodiments are disclosed, as well as two 
possiNe soft handoff procedures. The present invention 
is not limited to the disclosed preferred embodiments, 
however, as those skilled in the art can readily adapt the 

55 teachings of the present invention to create other 
emtxidiments and applications. 
[0011] In a first errt)odiment a system configura- 
tion parameter is added to the General Handoff Direc- 
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tion Message, and Extended Handoff Direction 
Message. The Neighbor List Message and Extended 
Neighbor Ust Message are updated to include informa- 
tion concerning both systems* fc>ase stations. A selection 
based soft handoff is used to perform the harxloff 
between inter-generation systems. The selection is 
based on the signal strength of the received pilot sig- 
nals. 

[0012] In a second embodiment, four parameters 
are added to the PILOT_PN record of the General 
Handoff Direction Message. The tour parameters are a 
generation identification parameter, a radio configura- 
tion parameter, a drop timer parameter and a drop 
threshold parameter. Based upon the values of the gen- 
eration identification parameter and the radio configura- 
tion parameter, either a selection based soft handoff or 
a true handoff is performed. The true handoff combines 
signals from both generation systems, before dropping 
a current base station in favor of the stronger other gen- 
eration base station. The drop parameters may be used 
to provide a sufficient time overlap for the two different 
base stations, and to allow a system designer to tune 
the network. 

BRIEF DESCRIPTION OF THg DRAWINGS 

(001 3] The exact nature of this invention, as well as 
its objects and advantages, will become readily appar- 
ent from consideration of the following specification as 
illustrated in the accorrpanying drawings, in which like 
reference numerals designate like parts throughout the 
figures thereof, and wherein: 

Figure 1 is diagram illustrating one possible IS- 
2000 deployment scenario; 

Figures 2 and 3 are tables illustrating a Neighbor 
Ust Message: 

Figure 4 is a tat>le illustrating one embodiment of 
the modified Neighbor Configuration Table; 

Figure 5 rs table showing an embodiment of the 
rrsodifted P!LOT_PN rec-ord; 

Figure 6 a tattle illustrating the permissible inter- 
generation soft handoffs according to one embodi- 
ment of the present invention; 

Figure 7 is a table illustrating the additional param- 
eters added to the PILOT_PN record of the General 
Handoff Direction Message according to a pre- 
ferred embodiment of the present invention 

Figure 8 is a table of the simulation parameter set- 
tings used for an AWGN computer simulation; 

Figure 9 is a table of the simulation parameter set- 



tings used for a fading confer sinulation; 

Figure 10 is a graph of the results of the AWGN 
computer simulation; 

5 

Figure 1 1 is a graph of the results of the facing com- 
puter sinrulatton; and 

Figure 12 is a fc)lock diagram of a CDMA system 
10 configured to operate according to the present 
inventon. 

DFTAILED DESCRIPTION 

IS [0014] The following description is provided to ena- 
ble any person skilled in the art to make and use the 
invention and sets forth the best modes contemplated 
by the inventor for carrying out the invention. Various 
modifications, however, will remain readily apparent to 

20 those skilled in the art. 

[0015] The cun^ent second generation (2G) CDMA 
systems, designated as TIA/EIA-95-A/B (or IS-95-A/B) 
systems, are being upgraded and will ultimately be 
r^laced by the third generation (3G) CDMA systenre. 

25 The air interface of the 3G (IS-2000) system uses a new 
modulation scheme to allow better spectral efficiency, 
as well as different spreading factors. However, a part of 
the new 3G system, which operates within the ^me 
channel bandwidth as the old 2G system, is required to 

30 be compatible with the 2G system at the signaling and 
call processing level. The reverse link of the 3G system, 
though, enrploys coherent demodulation, wherea^ the 
reverse link of the 2G system employs non-coherent 
demodulation. Thus, in the 3G specificaton, there was 

35 no attempt to make these two systems compatible at the 
physical layer. 

[0016] Addittonally. the fonvard links of the two sys- 
tems use different modulation methods (QPSK (3Q) vs. 
BPSK (2G)). which require some modtficatons within 

40 the new 3G system*s demodulator. However, since the 
IS-2000 ternrinal (i.e. mobile station) must t>e at)le to 
operate in the IS-95-A/B network, the new 3G terminal 
is required to be able to switch its mode of operation 
from one system to the other automatically 

45 [0017] In practice, it is impractical to perform a 
reverse link SHO between 2G and 3G systems because 
the 3G base station cannot demodulate a 2G reverse 
link and vice versa (coherent vs. non-coherertt, different 
modulations, etc.). HoweveHr, according to the present 

so invention, a method for performing a SHO on the for- 
ward link is disclosed tfiat can t>e implemented with only 
a few minor modifications to the proposed 3G systems. 
[0018] A mobile station receiver comprises a "rake" 
receiver and several other conponents. The rake 

55 receiver consists of several (at least three for narrow 
band CDMA), denrxxWating elements (or ■fingers"). 
These multiple demodulating elements or fngers func- 
tion like a garden rake to "rake" in the signals, thus the 
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name. Each of these demcxiulating elements is capable 
of independently tracking and demodulating a muttipath 
component received from a single base station or a sig- 
nal from several base stations (up to the number of 
demodulating elements in the rake receiver). Therefore, 
it is possit>le to configure one demodulating element 
according to the 2G standard and at least one other 
demodulating element to the 3G standard. Thus, a sin- 
gle mobile station can be used across a mixed genera- 
tion system. 

[0019] In one preferred embodiment, the deploy- 
ment model of the 3G system consists of a partial over- 
lay of the cun-ent 2G (IS-95-A/B) networks 10.12 and 
the new 3G (IS-2000) network 14. as shown in Figure 1 , 
As the mobile station travels from one generation 121 to 
another generation 141 of the network, according to the 
proposed hard handoff. the station will be forced to drop 
the current service before it reestablishes the service on 
the other generation network. According to the present 
invention, a few modifications to the standard proposed 
message formats in the IS-2000 specification are made, 
in order to provide a SHO for the forward link. Specif i- 
catly, changes to the messaging structure are proposed 
to allow for the reporting of 3G base stations. The 
present invention thus allows for a soft handoff between 
two generations of systems, which allows for maintain- 
ing the QOS across the generation boundaries. 
[0020] The present invention creates a mechanism 
for informing ttie mobile station about tiie surrounding 
network, such as the network parameters (data rates, 
etc.) and whether the network is a 2G. 3G, or 2G/3G 
mix. This can be achieved by an addition of a 1 -bit field 
into the General Handoff Direction Message, and 
Extended Handoff Direction Message. Additionally, 
each base station in the 2G/3G service overlap area 
must have all the other system's base stations stored 
into the Neigtibor List Message and Extended Neighbor 
List Message. This can be achieved by adding a new 
definition to the NGHBR_CONFIG field. 
[0021] Preferably in the network deployment, the 
same base station controller will supervise the two dif- 
ferent generations of base stations. Therefore, for the 
generation overlay area, the Neighbor List Message 
and the Extended Neighbor List Message include both 
types of systems. Figures 2 and 3 illustrate the definition 
of the Neighbor List Message 20.30. The Neighbor 
Configuration Table 40 is then modified as shown in Fig- 
ure 4, wherein the underlined entries are examples of 
the proposed modifications. Specifically, two new chan- 
nel configuration entries 401, 402 have been added 
(one lor the 2G and one for the 3G system). 
[0022] After recei vi ng the Neighbor List Message or 
the Extended Neight>or List Message, the mobile sta- 
tion measures the pilot signals in the active, candidate 
and neighbor sets and reports the strengths to the base 
station, using the Pilot Strength Measurement 
Message. This procedure is performed by the searcher, 
which computes the sti-ength of each pilot by adding the 



ratio of the received pilot energy per chip. Ec. to the total 
received spectral density (noise and signal), lo. 
[0023] Since the base station knows which of the 
detected and reported pilots are associated with second 

5 or third generation system, the base station can use this 
information to manage the fonward link SHO capability. 
Specifically, compatible base stations are added to the 
mobile station's active set. This is done through the 
General Handoff Direction Message (GHDM) and 

10 Extended Handoff Direction Message (EHDM). A field 
indicating the generation (2G. 3G) 51 of the associated 
PILOT^PN record 50 is also added. The PILOT_PN 
record 50 of the message can t>e modified, for example, 
as Illustrated in Figure 5. The urKlerlined fiekj 

IS "2G/3G_CHAN_CONFIG" 51 has been added. 

[0024] Before the GHDM message is sent to the 
mobile station indicating that the forward link SHO 
between the 2G and 3G systems shouki be performed, 
the base station controller allocates the necessary 

so channel resources for each of these two systems (since, 
as noted at>ove. the same controller supervises both 
generations). 

[0025] Since each mobile station contains at least 
three demodulating elements (fingers) in its rake 

25 receiver, it may assign one of these fingers to a demod- 
ulated signal arriving from tiie 2G base station, while 
the remaining fingers demodulate the signal arriving 
from the 3G base station (or vice-versa). According to 
the proposed specification, each IS-2000 mobile station 

30 must be capable of demodulating an 1S-95-B signal, 
therefore it is possible to demodulate these two signals 
independentiy (note that in an overlay deployment the 
two modulation signals will be orthogonal to each 
otiier). Additionally, since the computatior^l require- 

35 ments (channel decoding) and the interleaver memory 
of IS-2000 mobile stations are large (to sustain the max- 
imum data rates), the capability to demodulate and 
decode these two independent channel configurations 
are already within the capability of the currentiy defined 

40 mobile stations. 

[0026] According to this embodiment of the present 
invention, the SHO procedure may be performed as fol- 
lows: 

45 1 . If the mobile station is in the 2G/3G overlay area, 
the base station includes pilots belonging to both 
systems into the Neight>or List Message (NLM), 

2. The mobile station measures the pilot strength of 
so all base stations (2G and 3G) and reports tiiem to 

the base station. 

3. If the 2G (or 3G) pilot Ec/lo > T_ADD threshold, 
the base station includes this pilot into tiie mobile 

55 station's active set. 

4. The mobile station continuously demodulates the 
current generation base station assignment 
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5. The mobile station assigns one or more demod- 
ulating fingers to the "other generation** base sta- 
tion signal, and it demodulates and decodes the 
information independently from the current assigrv 
ment- 

6. After decoding the first good frame from the 
"other generation** k>ase station, the mobile station 
starts a Tm counter, and upon its expiration, 
reports the event in Handoff Completion Message 
(the Tm counter must be defined, as is used to 
determine the SHO timing). 

7. The t>ase station may now drop the ''other gener- 
ation" pilots (channels) from the mobile station's 
active set, thus completing the SHO. 

[0027] The akxjve descrit>ed embodiment is a 
selection t>ased SHO. or inter-generation selection 
based SHO (ISBSHO), that is, in an overlay region the 
mobile station receives two base station signals (one 
from each generation) and decides which signal is 
stronger. The base station with the strongest signal is 
then selected and the weaker signal is dropped as 
described above. 

[0028] A second type of SHO is refen-ed to herein 
as a ''true" SHO. As defined herein, a true SHO occurs 
when the two signals from the two different generation 
systems are actually combined together, before one sig- 
nal is dropped. Currently, when a mokwie station is conrv 
municating with a base station, a finger is assigned to 
each multi-path component. The signals are then com- 
bined together before the bit is decoded. The true SHO 
of the present invention proposes assigning a least one 
finger to the "other" generation signal, such that after 
the signals are demodulated and interleaved, the soft 
symbols are combined and decoded to produce an out- 
put bit. Thus, in contrast to the first emtxxjiment of the 
present invention, the mobile station is -actively using 
two signals from two different inter-generation base sta- 
tions simultaneously in an overlay region. Once one 
signal becomes too weak (i.e. the signal strength drops 
below a threshold), that signal is dropped and the 
mobile station communicates only with the strorsge*' 
base station. 

[0029] A toie SHO approach, however, can only be 
used if the coding rates of the two different signals are 
the same. If the coding rates are different, the signals 
must be decoded sequentially, and the selection fc>ased 
SHO must be used. Thus, in mixed generation and sig- 
nal environment, sometimes a selection based SHO 
schene is required. When a true SHO can be per- 
formed, though, it is preferred. A second enrt>odiment of 
the present inverrtion will now be descrit>ed which imple- 
ments a true SHO, when possible. 
[0030] The table shown in Figure 6 specifies when 
each type of inter-gen«^tion soft handoff is permitted. 
As seen in the table, the 2G systems support two data 
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rates (RS-1 and RS-2), while the 3G systems may have 
five or more data rates. As illustrated, in addition to the 
SHO between RS-1 RC-1 and RS-2 o RC-2, a true 
SHO (SHO) can be performed when the coding and the 
5 data rates transmitted on both forward links are the 
same (i.e. RS-1 <=> RG-4). The inter-generation selec- 
tion based soft handoff (ISBSHO) can be perfomned 
when both forward link data rates are equal txit the cod- 
ing rates are different (i.e. RS-1 RC-3 and RS-2 o 
70 RC-5). As new configurations are added, the present 
invention may be applied as described herein, based 
upon the data and coding rates. 
[0031] When perfonming a true SHO, the nxjbfle 
station assigns one or more of its fingers to denxxlutate 
IS tiie IS-95A/B base station signal and the remaining fin- 
gers to the IS-2000 base station. The received signal is 
demodulated according to the modulation and spread- 
ing parameters of the respective k>ase station, and the 
dennodulated synrix)ls are combined in the maximum 
20 ratio (MR) fashion before decoding, similar to the nor- 
mal SHO. For the 2700 bps and 1500 bps rates of RC- 
4. after demodulation, the symbols are dei3unctured 
and then only the information symbols (not the ORG 
symbols) are combined. When performing an ISBSHO. 
25 the received signal is demodulated according to the 
modulation and spreading parameters of the IS-95A/B 
and IS-2000 base stations. Signal conponents from the 
same base station are added in an MR combiner and 
tiien decoded sequentially by tiie decoder. The best 
30 frame can be then selected based on tiie frame quality. 
[0032] Since an IS-2000 mobile station is capable 
of receiving and demodulating both an IS-95A/B and an 
IS-2000 signal, a simple extension to the message 
structure will allow the simultaneous demodulation of 
35 signals from both generations permitting soft handoffs. 
This can be achieved by adding four new fields to the 
PILOT_PN record 70 of the General Handoff Direction 
Message. The following four new parameters are added 
to tiie PILOT_PN record 70 of the Genera/ Handoff 
40 Direction Message: a generation identification parame-^ 
ter (IS-95B_IS-2000) 71, a radio configuration parame- 
ter (RADIO_CONFIG) 72, an inter-generation drop 
tim©- parameter (IG_T_DROP) 73, and an inter-genera- 
tion drop threshold (IG_ DROP_TSHD) 74. These addi- 
45 tions are illustrated in the tatile of Figure 7. 

[0033] The IS-95B_IS-2000 field 71 is used to iden- 
tify the generation type (2G or 3G) of a base station. 
The RADIO_CONFIG field 72 specifies tiie data rate, 
spreading rate and code rate (i.e. all the modidation 
so parameters). For exanple, if the IS-95B_IS-2000 field 
71 is a "0" (2G). then only 1 bit is used for the 
RADIO_GONFIG field 72 to specify the data rate -t)" for 
RS-1 . and **1 " for RS-2. tf the IS-95B_IS-2000 field 71 ^ 
a "1" (3G). tiie RADIO_GONFIG field 72 defines whit^ 
55 configuration is applicable (RG-1 - RG-5). Additional 3G 
configurations are environed, so in the preferred 
en*ocfiment the RADIO_CONFIG field 72 has been 
shown as 4 bits, however fewer bits may toe used, or 
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addrtional bits added to provide for even more configu- 
rations. 

[0034] The IG_T.DROP f ieW 73 is a timer used to 
determine the length of the SHO. For example, the 
IG_T_pROP timer 73 may be implemented dynami- s 
cally. so that each base station specifies its value inde- 
pendently. This would allow the network to be "tuned' 
dynamically In a preferred embodiment, the range of 
values of the 1G_T_DR6p timer 73 is 0 - 15 frames. 
Finally, the IG_DROP_TSHD field 74 is a threshold io 
value that uses an energy measure to determine when 
to drop a base station. Specifically, the 
IG_DROP_TSHD field 74 uses the Ec/lo energy meas- 
ure tc determine when a signal is too weak to be of any 
use, and is therefore dropped. In a preferred embodi- is 
ment. the IG_T_DROP timer 73 is used for the selection 
based SHO. while the IG_DROP_TSHD threshold 74 is 
used for the true SHO. However, the two measures may 
also be used together to further refine the SHO mecha- 
nism. Once one signal is dropped, the mobile station is 20 
tuned to use only the other base station. 
[0035] According to a preferred embodiment of the 
present invention, the SHO procedure may be per- 
formed as follows: 

[0036] When a mobile station is in the IS-95A/B - 25 
IS-2000 overlay area, pilots belonging to both genera- 
tions are included in the Neighbor List Messages (NLM) 
or Neighbor List Update Message (NLUM). 
[0037] The mobile station measures the pilot 
strength of all base stations (2G and 3G) and r^x>rts 3o 
their strength to the active base station in the Pilot 
Strength Measurement Message (PSMM). 
[0038] If the inter-generation candidate pilot Ec/lo 
reported in the PSMM message is larger than the 
T_ADD threshold, the base station includes this pilot in 35 
the GHDM message, indicating system generation, 
radio configuration and handoff parameters. 
[0039] The mobile station then assigns one or more 
demodulating lingers to the "other-generation" base 
station signal, and demodulates and decodes the infor- 40 
mation deperxJing on the radio configuration and hand- 
off parameters 

[0040] When all the inter-generation handoff 
requirements specified in the GHDM message 
(IG_T_DROP and/or IG_DROP_TSHD) are satisfied. 4S 
the mobile station terminates its transmission on the 
"current" generation link (using the SHO permitted as 
shown in Figure 6) and starts transmitting on the "other" 
generation link 

[0041] The nrK>bile station completes the inter-gen- so 
eration handoff by sending the Handoff Completion 
Message, 

[0042] Computer simulations of the true SHO are 
shown in Figures 1 0 and 1 1 . Simulations were run In an 
AWGN and a fading errvironment. For the AWGN case, ss 
the simulation parameters were set as shown in Figure 
8. The RS-1 curve shows tie FER when just the single 
path from the IS-95B base station is used. The RS-1 <=> 



RC-4 curve shows the gain when one path from each 
base station is used in a true inter-generation SHO sce- 
nario. The simulation parameters for the fading case are 
shown in Figure 9* with the mobile station speed set at 
30 knrVhr. For the fading environment, the RS-1 curve 
shows the FER when just the single path from the IS- 
95B base station is used. The RS-1 <=> RC-4 curve 
shows the gain when one path from each base station is 
used in the true inter-generation SHO scenario. The 
ISBSHO performarKe was not simulated since the per- 
formance gains are well understood by those skilled in 
the art and depend only on tiie power of the link from 
each of the two different generation base stations. 
[0043] As described, the present irrvention provides 
a simple mechanism to facilitate inter-generation soft 
handoffs on a forward traffic channel in a mixed-gener- 
ation CDMA cellular radiotelephone system. The inclu- 
sion of a true inter-generation soft handoff into the IS- 
2000 standard can significantiy simplify the deployment 
of 3G systems, since there is no need to include IS-95B 
channel elements in the IS-2000 base stations. Also, 
the soft handoff overcomes the shortcomings of tiie pro- 
posed hard handoff procedure, without increasing the 
system conplexity or hardware requirements. No addi- 
tional complexity is added to the mobile stations since 
each IS-2000-lx mobile station must already be capa- 
ble of denxxJulating an IS-95-B signal, and it can 
demodulate two different generation signals independ- 
ently. 

[0044] An example of a CDMA system 120 incorpo- 
rating the present Invention is shown In Figure 12. A 
nrK>bile station 124 communicates with a first base sta- 
tion 122. As the nnobile station moves, it must be 
handed off to a closer base station 123. As new 3G sys- 
tems are introduced, a CDt^A system 120 will have a 
mixture of both 2G and 3G systems. According to the 
present invention, a common base station controller 
121 controls both the 2Q and 3G base stations 122, 
123. In this case, for exanple. the first base station 122 
may be a 2G system and the second base station 123 
may be a 3G system. 

[0O45] If the mobile station 124 and the second 
k>ase station 123 are configured according to the 
present invention, the mobile station 124 makes a for- 
ward link with the second base station 123. before ter- 
minating the link with the first base station 122. This 
"soft handoff" improves the QOS for the mobile station, 
as compared to a hard harxloff. Interestingly, this 
inrprovement can be accomplished without significant 
additional hardware complexity. 

[0046] Those skilled in the art will appreciate that 
various adaptations and modifications of the just- 
described preferred embodiments can be configured 
without departing from the scope and ^irit of the Inven- 
tion. For example, additional messages may be added 
or the data structures modified in the proposed IS-2000 
specification to produce the same results as those 
described herein. Furthermore, the present invention 
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may be extended to the European CDMA implementa- 
tions, to aUow handoff between GSM and W-CDMA. 
Therefore, it is to be understood that, within the scope of 
the apperKJed daims. the invention may be practiced 
other than as specifically described herein. 

Claims 

1. in a CDMA cellular radiotelephone system, a 
method for performing a soft handoff between a first 
system and a second system when a mobile station 
moves across systems, wherein the first and sec- 
ond systems are of different CDMA generations 
and each system comprises at least one base sta- 
tion, the method comprising the steps of: 



racfio configuration (72) parameters. 

7. The method of Claim 6. wherein if the handoff is a 
selection based soft harxioff. the mobile station 
5 decodes the base station signals sequentially and 
separately. 

a The method of Qaim 6. wherein if the handoff is a 
true soft handoff, the mobile station combines and 
10 decodes the two different generation signals, after 
the signals are demodulated. 

a The method of Claim 8. wherein the mobile station 
combines and decodes only one generation signal. 
75 after the other generation signal is dropped. 



including pilot signals from each base station 
corresponding to both the first and second sys- 
tems into a list; 

measuring a strength value at the mobile sta- 
tion for each pilot signal in the list; 
reporting the strength values to a current base 

station: 

connparing the strength values with a predeter- 
mined threshold; 

including any other generation pilot signals wit 
strength values greater than the threshold in a 
signal message (70). the signal message (70) 
including system generation (71), radio config- 
uration (72) and handoff parameters (73. 74); 
assigning one or more demodulating elements 
(fingers) at the mobile station to the other gen- 
eration signal identified in the signal message 
(70); 

demodulating and decoding the other genera- 
tion signal, deperKjing upon the radio configu- 
ration (72) and handoff parameters (73. 74); 
terminating a current t>ase station link when the 
handoff parameters (73. 74) are satisfied. 

2. The method of Claim 1 . whe-ein the first system is 
a second generation (2G) CDMA system and the 
second system is a third generation (3G) CDMA 
system. 

3. The method of Claim 2, wherein the list is a Neigh- 
bor List Message or a Neighbor List Update 
Message. ' 

4. The method of Claim 3. wherein the signal mes- 
sage (70) is a Genera) Handoff Direction Message. 

5. The method of Claim 4. wherein the predetermined 
threshold is a T_ADD threshold value. 

6. The method of Qaim 1, wherein the handoff is a 
selection based soft handoff or a true soft handoff* 
depending upon the system generation (71) and 



10. The method of Claim 1 , wherein the first system is 
a GSM system and the second system is a W- 
CDMA system. 
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